The study of inequality in health concerns the relationship between socially structured characteristics and health outcomes. Howewer, health disparities are also linked to purely individual characteristics and contextual ones. In particular, the contextual effect at a national level may reflect differences in the functioning and performing of national health institutions, that may be conceived as further determinants of health inequalities. In this work we aim at estimating the effect of education on self-assessed health across European countries, taking into account potential confounders like age, gender and family social background. Using a multilevel model with individuals nested in countries, we can achieve two aims. First, we can see whether countries differ in their average self-assessed health score. Second, we can test our hypothesis about the existence of a European social gradient, that is that education exerts a relatively constant effect on self-assessed health. We develop our models using data from European Social Surveys (88,842 interviews).
2.2
The first part of the analysis entails a simple measurement of the average level of health existing in different countries. It is of interest to establish whether there are differences in the average level of health among European countries and to see if any such differences only reflect a different social "composition" or remain after accounting for a series of individual characteristics which are known social determinants of health, implying a contextual effect.
2.3
Various studies have confirmed that beyond individual characteristics closely correlated to health (age, gender, socio-economic conditions, physical characteristics and life style), there are still differences among countries, with several reasons proposed to explain the phenomenon (Subramanian et al. 2001) . In the first case, differences in the average level of health among European countries can reflect different socio-economic conditions. The current debate centres on the relative importance levels and distribution of income in influencing health. In terms of the relation between health and socio-economic level of the subject's community [1] , cross-sectional data has verified that it exists and that there is a (modest) autonomous effect of context which goes beyond that of the individual socio-economic factor at micro level (Robert 1999; Robert and House 2000; Subramanian et al. 2001) . However, when it comes to the presumed association between health and inequality in distribution of income in developed countries -proposed for the first time by Wilkinson in 1992 -there is still no consensus at present. Some experts maintain that Wilkinson's results were due to the particular selection of developed countries studied, and to the lack of controls on potentially confusing variables (Lynch and Davey Smith 2002; Mackenbach 2002) . Others have found empirical evidence supporting the existence of the association (although still with some grey areas [2] ) in studies of the U.S. and UK (Kaplan et al. 1996; Lynch et al. 2000; Robert and House 2000; Subramanian and Kawachi 2004 ).
2.4
The different levels in perceived health could also be due to differences in the healthcare systems themselves. There are healthcare systems in Europe which differ to a significant degree (in coverage, financing, role of the state) [3] and some studies have found differences in mortality rates linked to the availability of modern medical care (WHO 2000).
2.5
European healthcare systems have been historically differentiated on the basis of various characteristics and some studies have hypothesized and constructed a classification table grouping countries on the basis of their success and failure to achieve the service offered, to meet demand and the performance of the institutions set up to cater for citizens' healthcare. In one such classification Figueras and colleagues (1994) identify four types of service, as follows:
1. the Scandinavian countries and UK, which after the Second World War moved gradually from programmes of social welfare insurance to comprehensive models of national healthcare services, with universal coverage and an organized model for supply of services; 2. the Mediterranean countries (Italy, Spain, Portugal and Greece), characterized by "a distinct pattern of health and sickness, a common evolution of national healthcare services, shared principles, limited applicational achievements, similar models of organization and supply (of services) and, in years recent, a common crisis and shared responses to it" (Figueras et al. 1994, p.136 ); 3. countries in the centre-west of Europe (France, Germany, Austria, The Netherlands, Belgium and Luxembourg), characterized by well-developed models of obligatory social welfare insurance, which supplements financing of healthcare services supplying coverage to almost the entire population, with some small changes to the supply model; 4. countries of centre-eastern Europe (Poland, Czech Republic, Slovakia, Hungary, Slovenia), former socialist healthcare systems currently undergoing revision.
2.6
Given the above differences, it is without doubt possible that different healthcare systems respond differently to demands for efficiency and equity and we cannot therefore rule out the possibility that this contributes to explaining any differences in average standard of health existing among countries. However, even though it is intuitively obvious that access to healthcare services and their quality are important determinants of health, various factors contribute to the current opinion that healthcare in fact plays a limited role in explaining health inequalities in developed countries (Marmot et al. 1994; Robert and House 2000) . Firstly, health inequalities have remained significant -indeed at times have even worsenedincluding in countries with national healthcare systems expressly designed to improve equality of healthcare access and patient care (Robert and House 2000) . Not even in cases where a large portion of gross national product is spent on healthcare assistance does this seem linked to better results in terms of equality of health (Marmot et al. 1994) . Secondly, these inequalities are found both in cases of diseases which are curable and non-curable, in the latter case the presence or absence of healthcare assistance making little or no difference. Even in the case of curable diseases often any differences found more concern incidence and exposure to risk factors than mortality/survival rates (seeCosta et al. 1994, 30) . Finally, different studies have shown that even controlling the variables relative to healthcare access and its quality, the relation between socio-economic position and health remains significant (Robert and House 2000) . This is not to say, however, that equality in healthcare is not important. On the contrary, such equality must be pursued in order to prevent a situation where inequalities in healthcare reinforce inequalities in health. Even if health inequalities within a country do not seem to be due to differences in access to and quality of the healthcare system, it remains to be seen whether differences among healthcare systems can account for the differences in degree of health inequality found among those countries.
2.7
Returning to the question of the possible reasons for differences in average health among different countries, one last possibility is that such differences are not only linked to objective factors, but could also be due to cultural diversities which influence the way health and sickness are thought of and perceived. This is a possibility that must be considered especially if self-perception of health is used as an indicator: different cultures use different frameworks for evaluation of health, so that often differences in terms of self-perception of health remain after accounting for social and healthcare characteristics (Jylha 2009; Zimmer 2000) . It is also known that there are specific cultural approaches to experience of and description/reference of physical symptoms, and the association between physical symptoms and selfperception of health can vary between cultures and countries (Jylha 2009; Zimmer 2000) .
2.8
We now come to the second part of our analysis -measurement and comparison of social inequalities in health across European countries. Firstly, we must verify whether there is indeed a social gradient in health in all European countries and whether the scale of any such gradient varies among countries. The effect of age on self-perception of health seems likely to be broadly similar across European countries, probably because health is above all a biological state and the process of ageing is a crucial determinant of it; the relation between education and health, on the other hand, has been shown by some studies to vary from country to country (Muller 2002).
2.9
The relation between education and health can be explained in several ways. Those with more access to education tend to attain better employment (more healthy, less stressful, greater autonomy) (Blane 1985; Brunner and Marmot 2006; Wilkinson and Marmot 2003) ; they earn more and can therefore afford better housing and living conditions (for example, a better diet) (De Irala-Estévez 2000; Mancino 2004; McLaren 2007) ; in general, they have a better knowledge of medicine and make greater use of healthcare services, including preventive medicine (Herzlich and Adam 1999) . Nevertheless, it goes without saying that the advantages of education are conditioned by the possibilities offered in the country (in terms of labour market, healthcare services available, etc.).
2.10
For this reason it is of interest to verify whether the degree of social gradient varies among countries and whether these variations are linked to the characteristics of the countries in question (for example gross domestic product or amount of healthcare spending). In particular, it would be interesting to investigate the relation between average level of health in the country and the degree of social gradient.
2.11
One final consideration concerning the social gradient in health is linked to studies on the so-called "cumulative advantage". The term cumulative advantage refers to the gradual accumulation of various resources, represented in the form of trajectories that diverge with advancing age. From this perspective health is considered as an endowment or a form of capital which the various social groups can accumulate or at least maintain in different ways (O'Rand and Henretta 1999; Di Prete and Eirich 2006) [4] . All these theories presuppose a positive relation between low socio-economic position and psycho-physical deprivation, manifested from the first years of life and thereafter increasing with the passage of time.
Obviously, however, the process of cumulative advantage as regards health is limited by the finite nature of human life and it therefore follows that the accumulation of competitive advantage diminishes, rather than accelerates, the tendency for a decline in health with age (Lauderdale 2001; Lynch 2003; Willson et al. 2007 ).
2.12
Even though there is no consensus in the literature regarding an increase of inequalities with advancing age [5] , recently a survey by Willson and colleagues (2007) , using a broad dataset of microdata, shows that, carefully controlling for selection effect, the benefits of socio-economic condition still remain in old age. This analysis will also seek to verify whether, and to what extent, the effect of education varies with age.
Data and analytical model
3. 3.2 Self-perception was used as an indictor of the overall state of health of subjects, expressed on a scale from 1 (worst) to 5 (best). Although subjective assessments of health do not always coincide with objective reality (for example in cases of asymptomatic diseases) (Blaxter 1990 ), self-perception here proved an excellent indicator of state of health. It was closely correlated to objective evaluations of health and a good predictor of mortality and morbidity (Idler and Benyamini 1997; Ferraro and Farmer 1999; Jylha 2009 ). Selfperception of health is undoubtedly a rather vague measure and it is not always easy for the researcher to understand precisely what is being measured. Nevertheless, the fact that self-perception of health correlates well with mortality, even after controls are carried out for objective evaluations of health suggests that, precisely because of its generic nature, this measure expresses all aspects of health significant for the purposes of survival, even those which cannot be assessed by precise questions (Jylha 2009 ). We have therefore used just one indicator of health, which, in providing a relative evaluation, can summarize the effective state of health of a subject, regardless of age (Willson et al. 2007 ).
3.3
As indicator of socio-economic status (SES) and predictor of health we have used education, or more precisely years of formal instruction (from 0 to 25). The socio-economic status of subjects can be measured by several indicators: these typically include education, occupation, income (or other measurement of economic conditions), or a combination of these indicators. The choice of SES indicator to be used is not to be taken lightly when we consider its relation with health; according to Lahelma et al. (2004, 331) , different studies on health inequalities suggest that "at least a part of the effect on health of each socio-economic indicator is explained or mediated by other socio-economic indicators. Far from being mutually interchangeable, the various socio-economic indicators are in fact determinants of health which are partially independent and partially inter-dependent". In conclusion, education, occupation and income without doubt overlap to a great degree, but the correspondence between them is not always exact and to fuse them into a single SES indicator creates a certain distortion. Level of education is often recognized as the best predictor of life style linked to health and is the indicator with the most significant effect (De Irala et al. 2000; Hupkens et al. 2000) . In addition, compared to other measures of SES, an educational qualification has at least two advantages (Arber et al. 2001) . Firstly, it is a measure of social position valid for all (young and old, women and men) [6] , unlike, for example, occupation, which is only available for a limited part of the population (those who work). Secondly, the educational qualification is generally stable over time, because it rarely changes after the individual has completed full-time studies.
3.4
Finally, the other control variables in the models are: To investigate our objectives we shall use multi-level models which will enable us to identify the individual and contextual components of variance in state of health, verify the existence of a social gradient at European level and any variance at individual country level.
4.1
We shall begin with a descriptive analysis. A simple descriptive, univariate analysis shows that the three countries in which the state of health is worst are Hungary, followed by Poland and Portugal. The countries in which average health is the highest are, in descending order: Ireland, followed by Greece, with Switzerland and Denmark level third. The same order also applies evaluating by gender. However, in general, and across all countries, the state of health perceived by women is lower than that for men. The graphics of fractional polynomials show that the state of good health diminishes with advancing age. The trend is similar across all countries, probably reflecting the biological process of aging.
Basic model.
The first model implemented is a simple model of unconditional averages (unconditional means model)
which allows us to split the variance in perception of health into individual and contextual components, without controls on individual characteristics. This model is used as a base to compare with the final model, which will also include some important factors of individual diversity, which should substantially reduce the first level variance.
4.3
The mean European level (not conditioned by individual characteristics) (grand mean) was found to be 3.85 (standard error 0.057). [7] The ranking of countries calculated with this model is broadly similar to that already presented in the descriptive table [8] . The Rho is 0.09, (i.e. 9% of the variance in the dependent variable is attributed to the second level) and is obtained by expressing second level variance (0.068) against total variance (or by the sum of second level and first level variance, equal to 0.718).
Graph 2. Residuals from intercept in the basic model of perceptions of health per country (grand mean)
Final model.
4.4
In the final model age is centred around the mean (46 years), so that a substantial value can be attributed to the intercept, which in this case represents the segment comprising 47-year old women, with zero years of educational instruction (formal), a father with a low level of education, taken from the second series of data. The intercept is 3.41 for the segment of reference (standard error 0.073). [9] At European level, for each additional year of age there is a deterioration in health of 0.026, on a scale of 5 positions (standard error 0.002). It comes as no surprise that age is the most important predictor of health: probably this result expresses the effect of variables of a biological and genetic nature which vary over time and which are not explicitly dealt with in the model. Males have a competitive advantage of 0.063 points (standard error 0.016). For every additional year of formal educational instruction there is an increase of 0.031 in perception of health, after considering paternal educational qualifications (standard error 0.002). This means, for example, that 15 years of additional educational instruction entail an improvement of about half a point (0.46) on the 5 point scale. Obviously, differences in health are therefore significantly structured on the basis of educational qualifications. Beyond the effects of the child's formal instruction, the effect of paternal educational qualifications is also significant and it is equal to 0.024 on the 7 point scale (standard error 0.004. [10] In terms of interactions, there is no interaction between gender and age. There is however significant interaction between educational instruction and age; more specifically, with advancing age the protective effect of education on health increases. For each additional year of age, the gradient increases by 0.001. This appears to confirm the hypothesis of cumulative advantage. Following the introduction of the age variable, first level variance reduces to 0.650: 4% less than the basic model. After introducing the other individual variables and their respective interactions, first level variance is 0.621, a reduction of a further 7% on the first model. Table 2 . Multi-level linear regression models: estimates of beta parameters, respective standard errors in brackets.
Graph 3. Residuals at intercept in the final model per country

4.5
The most significant differentials are found at the intercept, which should summarize the effect of a number of factors of a socio-economic, educational and cultural nature, not explicitly described by the equation. As Graphic 3 shows, even after controls for significant individual diversity factors (age, gender, level of education), Ireland, Switzerland and Greece all show significantly better health than the European average; Hungary, Poland, the Czech Republic and Slovenia all perform worse than the average.
6.3
Concerning differentials in relation to age, there is a certain uniformity, even though, curiously, ages has less impact on health in eastern European countries such as the Czech Republic, Poland and Hungary. The slight differences in differentials for the gender and education variables suggest however that there is a transnational gradient, common across all European countries. The graph of residual variance shows covariation between the mean level of health and the degree of social gradient in health (with leastoff countries showing a stronger effect of education on health), but it should be noted that the evidence for this is weak and statistically non significant. Overall, our analysis shows evidence of differences among countries concerning mean levels of health, as well as a substantial shared gradient attributable to individual characteristics (of a biological and social nature) that structure differences in health within countries. To explain second level variance we must now introduce the macro variables (second level).
Some considerations on the variability in health among European countries
5.1
We identified a measure, based on residual variance of the intercept in the final model, which expresses differences in health among the European countries considered, net of individual variables. It is of interest at this point to investigate whether the countries examined show characteristics associable with this measure. We can hypothesize a series of indicators which can predict diversity, and conjecture that macro variables (of the socio-economic type or linked to models of healthcare) are in some way associated with them.
5.2
Obviously such associations are only the merest correlations, as there is insufficient empirical data to establish any causal link. We must be content to stress the effectiveness of these indicators as good predictors of differences in mean health in the different countries, irrespective of the individual characteristics of inhabitants. Prior to proceeding with the macro variables, we should first consider two further aspects. The first concerns a form of validation of the measure identified. Given that the measure indicates differences in health in the various countries, we would expect that it is linked at a contextual level with general survival indicators. In particular, we considered life expectancy at birth in 2005 (for Belgium and Portugal the data available was for 2004 and for Italy 2003).
5.3
As can be seen in Figure 4 the residual variance and life expectancy correlate well for countries in eastern Europe, and for several of the other countries examined. The outliers are Ireland, Denmark and Greece, which show health on average slightly higher than expected compared to the life expectancy data. Germany, France and Slovenia, on the other hand, show health on average slightly lower than the norm, compared to life expectancy. We cannot exclude the possibility that variance could be due to variability in interviewees interpretation of questions regarding self-perception of health in the various countries. Overall, there is a close correlation between our result and aggregate data for life expectancy at birth.
Graph 4.
Life expectancy at birth in 2005 (x-coordinate) and residuals at the intercept of the final model by country (y--coordinate).
5.4
The second consideration concerns the definition presented by Figueras and colleagues (1994) , which we have already mentioned, in which the European countries are grouped into clusters on the basis of the way their healthcare systems are organized. It seems worthwhile, before proceeding, to establish some empirical confirmation of this classification. After some trials, we identified two indicators that measure the percentage of gross domestic product (henceforth GDP) spending on healthcare and the percentage of spending on pharmaceutical goods against the total spending on healthcare. Both are relative indicators (being percentages) of the characteristics of healthcare systems in terms of economic organization. The first indicates the overall weight of healthcare costs on resources available, the second shows how these costs are spread, whether spent on pharmaceutical goods or on healthcare services (personnel, structures, prevention or other). These indicators are linked to the policies pursued by the public administrations of the various countries involved. The resources made available to meet the population's healthcare demands are allocated on the basis of management decisions by healthcare bodies. Over half of spending on pharmaceutical goods, for example, is reimbursed or paid directly by states (Jacobzone 2000) . These two indicators constitute two good proxies indicating how European countries organize their public healthcare systems. By plotting the two indicators together we have a map which approximates quite well with the segmentation proposed by Figueras and colleagues (1994) .
Graph 5 [11] . Percentage of healthcare spending against total GDP and percentage of spending of pharmaceuticals against total healthcare spending (in 2005)
5.5 At this stage we have shown that the residual variance at the intercept of the final model represents a good predictor of health in the various countries, and also that economic organization of healthcare systems, classified according to the different spending of resources, can be grouped into four clusters of countries: 1) the Scandinavian countries (more Finland), Ireland and UK, 2) the Mediterranean countries, 3) countries of centre Europe and 4) countries of Eastern Europe.
5.6
On the basis of these two elements we can compare different indicators of context in the search for a good macro-economic predictor of variability in health in the different European countries. We have focussed on two aspects. The first is the macro-economic context, measured by a factor summarizing the unemployment rate (expressed in percentage terms) and GDP per capita (expressed in PPP$) in 2005, the second is per capita spending on healthcare (equivalent) in 2005. By plotting the two datasets with residual variance at the intercept we obtain the following graphics.
Graph 6. Residuals at the intercept of the final model (y-coordinate) and economic factor based on unemployment rate and GDP (x-coordinate).
Graph 7.
Residuals at the intercept of the final model (y-coordinate) and total health expenditure, PPP$ per capita in thousands, WHO estimates in 2005 (x-coordinate).
5.7
In both cases the correlation is positive, so that the countries that are economically better off and with greater per capita spending on healthcare tend to show higher average values for self-perception of health.
(The correlations are fairly high in both cases, 0.75 and 0.77 respectively, and statistically significant). [12] It is also known that GDP and healthcare spending have been historically linked, although not independently of the organizational nature of healthcare systems (Clemente et al. 2004 ). The classification of European healthcare systems proposed by Figueras and colleagues (1994) seems to be confirmed by Graphics 6 and 7, which show that:
1. the Scandinavian countries (more Finland) and UK have generally strong economies, average per capita spending on healthcare and a fairly good standard of general health. Finland is the one exception, which has lower spending on healthcare and slightly worse general health than other countries in the group. 2. the economies of the Mediterranean countries are slightly weak, healthcare spending and general health are average (with the exception of Greece, which for the same economic conditions spends more on healthcare and has better general health). 3. the countries of centre-western Europe have average economies, quite high per capita spending on healthcare, but with varied standards of health. 4. Finally, the countries of eastern Europe have weak economies, low spending on healthcare and poor health.
Conclusions
6.1
The most significant result of the work here presented is confirmation of a social gradient in European health. The effects of traditional individual factors of diversity in health (age, gender, education) are more or less uniform across all European countries. In particular, from a sociological point of view, it is worth underlining the important role of education: for every additional year of formal instruction there is an increase of 0.031 in perception of health. This result confirm the relevance of structural factor in the explanation of inequalities in health. However, using cross sectional data we are not able to appropriately address the issue of reverse causality; caution is needed in the interpretation of results.
6.2 Despite a common social gradient in health, there are differences among countries in the perception of general health, which remain even when the above mentioned factors are accounted for, constituting potentially significant compositional characteristics. It seems therefore that intercept differences may be due to macro level variables. We have hypothesized a possible role played by some economic indicators, such as per capita GDP (equivalent) or per capita healthcare spending, showing that these can effectively account, at least in part, for the differences in perception of general health amongst countries. We have also seen that such associations echo the classification proposed by Figueras and colleagues (1994) regarding organizational differences among the different European healthcare systems. There is good reason to suppose that the differences in mean self-perception of health among countries can be accounted for by macro characteristics, such as indicators of the country's economic wellbeing, and, more in general, its socio-institutional assets and policies.
6.3 However, we should remember that just a little amount (9%) of variability in health is attributable to macro-level factors, suggesting -not surprisingly-that micro level factors are far more important predictors of individual health. Hence, actions aimed at reducing social inequalities in health should address the micro level determinants of health.
6.4
The reduction of social inequalities in health is a very important goal since health disadvantages tend to be added to pre-existing social disadvantages creating a vicious circle in which health problems interfere with the process of educational and occupational attainment ending up reinforcing inequality.
Notes
8 The differences derive from the fact that in multilevel models the second level residual variance is estimated using a Bayesian procedure known as shrinkage factor. 9 The adaptability of the final model (-2*LogLikelihood ) is 99715. 10 The paternal educational qualifications is an ordinal variable with 7 categories, treated as a metric.
11 For Slovenia the data for 2005 was estimated by linear regression from the 1990-2001 series.
12 Luxembourg was excluded from the calculation of the two regression lines as the data is eccentric.
